In human cognition, most relevant stimuli, such as faces, are processed in central vision. However, it is widely believed that recognition of relevant stimuli (e.g. threatening animal faces) at peripheral locations is also important due to their survival value. Moreover, task instructions have been shown to modulate brain regions involved in threat recognition (e.g. the amygdala). In this respect it is also controversial whether tasks requiring explicit focus on stimulus threat content vs. implicit processing differently engage primitive subcortical structures involved in emotional appraisal.
a b s t r a c t
In human cognition, most relevant stimuli, such as faces, are processed in central vision. However, it is widely believed that recognition of relevant stimuli (e.g. threatening animal faces) at peripheral locations is also important due to their survival value. Moreover, task instructions have been shown to modulate brain regions involved in threat recognition (e.g. the amygdala). In this respect it is also controversial whether tasks requiring explicit focus on stimulus threat content vs. implicit processing differently engage primitive subcortical structures involved in emotional appraisal.
Here we have addressed the role of central vs. peripheral processing in the human amygdala using animal threatening vs. non-threatening face stimuli. First, a simple animal face recognition task with threatening and non-threatening animal faces, as well as non-face control stimuli, was employed in naïve subjects (implicit task). A subsequent task was then performed with the same stimulus categories (but different stimuli) in which subjects were told to explicitly detect threat signals.
We found lateralized amygdala responses both to the spatial location of stimuli and to the threatening content of faces depending on the task performed: the right amygdala showed increased responses to central compared to left presented stimuli specifically during the threat detection task, while the left amygdala was better prone to discriminate threatening faces from non-facial displays during the animal face recognition task. Additionally, the right amygdala responded to faces during the threat detection task but only when centrally presented. Moreover, we have found no evidence for superior responses of the amygdala to peripheral stimuli. Importantly, we have found that striatal regions activate differentially depending on peripheral vs. central processing of threatening faces. Accordingly, peripheral processing of these stimuli activated more strongly the putaminal region, while central processing engaged mainly the caudate nucleus.
We conclude that the human amygdala has a central bias for face stimuli, and that visual processing recruits different striatal regions, putaminal or caudate based, depending on the task and on whether peripheral or central visual processing is involved.
& 2013 Elsevier Ltd. All rights reserved.
Introduction
Much of what we know regarding the functional anatomy of neural pathways connecting to the amygdala comes from auditory fear conditioning studies in the rat animal model (Whalen et al., 2009; LeDoux & Phelps, 2008) . A large difference between rodents and primates can be recognized in the processing of social stimuli such as faces (Buchanan, Tranel, & Adolphs, 2009 ). In primate visual and affective processing, faces can be considered as a special class of objects (Critchley et al., 2000; Hershler, Golan, Bentin, & Hochstein, 2010; Johnson, 2005) . Faces are preferentially processed in central vision, where they are screened for highresolution foveal information (Kanwisher, 2001; Levy, Hasson, Avidan, Hendler, & Malach, 2001) . Studies in humans suggest the existence of foveally-biased specialized regions along the occipitotemporal ventral visual pathway to extract meaning from faces: the occipital gyrus, the lateral occipital (LO), the superior temporal sulcus (STS), and regions in the fusiform gyrus, such as the fusiform face area (FFA) (Grill-Spector, Knouf, & Kanwisher, 2004; Kanwisher, McDermott, & Chun, 1997) . Accordingly, regions in the fusiform gyrus, such as within the FFA complex, are tuned to a broad category of faces (Tong, Nakayama, Moscovitch, Weinrib, & Kanwisher, 2000) , specially when these are presented in central vision, but they do nevertheless also respond to peripherally presented faces (Faivre, Charron, Roux, Lehéricy, & Kouider, 2012; Kanwisher, 2001; Morawetz, Baudewig, Treue, & Dechent, 2010 
